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INTRODUCTION

This investigation has been undertaken to determine the relative
value of various methods in use in the examination of the cerebrospinal
fluid in sundry affections of the central nervous system of children.

The differentiation of true meningitis from serous meningitis by
means of the cell content of the cerebrospinal fluid has been established
by the introduction of lumbar puncture. Furthermore, the causative
organism in various types of meningitis has been demonstrated by
bacteriologic methods. It was at first believed that a diagnosis of
tuberculous meningitis might be established by a characteristic increase
in the number and type of cells found in the fluid, but it was later
shown that the number of cells in this condition is subject to wide
variation, and that there are a number of conditions which give the
same cytologic findings, namely, encephalitis, acute anterior polio-
myelitis, meningismus, syphilis of the central nervous system and
tuberculous meningitis. In the last-named condition, then, we must
have the added test of demonstrating tubercle bacilli in the cerebro¬
spinal fluid to establish a diagnosis. This is possible in a large per¬
centage of cases, but not invariably so.

Owing to the fact that clinical manifestations and microscopic find¬
ings in the cerebrospinal fluid in certain affections of the central
nervous system were not adequate for ascertaining the nature of
the process, the necessity for chemical and sérologie methods of exam¬

ination was obvious. This led to the development of methods for the
qualitative determination of globulin in the cerebrospinal fluid by
Nonne,1 Ross-Jones,2 Pandy,3 and Noguchi.4 These methods have all
been advanced as an aid in the diagnosis of syphilitic affections of the
central nervous system. Each has its distinct value as a means of
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1. Nonne: Syphilis and the Nervous System, p. 341.
2. Ross-Jones: Brit. Med. Jour., 1909, i, 1111.
3. Pandy: Neurol. Centralbl., 1910, xxix, 915.
4. Noguchi: Serum Diagnosis of Syphilis, Ed. 2, p. 155.
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determining the presence of globulin, which is found in the cerebro¬
spinal fluid in a number of conditions, and is generally conceded to
be the result of and indicative of some inflammatory process affecting
the meninges. The various tests showing the presence of globulin do
not give any selective reaction, but vary somewhat in delicacy, and their
intensity is dependent on the degree of inflammatory involvement. The
exudation of globulin in the cerebrospinal fluid is usually accompanied
by an exudation of cells, but globulin is not infrequently present with¬
out an increase of the latter. The application of the Wassermann
reaction to the cerebrospinal fluid in syphilis of the central nervous

system has proved invaluable.
In 1912 Lange5 introduced the colloidal gold reaction, the specific

significance of which is now well recognized by a large number of
observers, although the exact nature of the reaction is still somewhat
uncertain. Among the more recent publications on this subject, one

by Miller0 and his co-workers gives an exhaustive treatise on the devel¬
opment of the colloidal gold reaction from the early experiments of
Zsigmondy to the practical application of this work as a diagnostic
method in examination of the cerebrospinal fluid by Lange. Since
its introduction observations on the gold chlorid reaction have accu¬

mulated from many sources. A summary of these leads us to conclude
that there is a specific reaction in a pathologic cerebrospinal fluid, and
that the test is a valuable adjunct to the present laboratory and clinical
methods. The reaction is dependent on the presence of protein sub¬
stances, and like the various globulin tests, is indicative of an inflam¬
matory process in the meninges. However, it is not to be questioned
that the reaction is to a certain extent selective, because of the uniform
evidence of a specific reaction given by syphilitic cerebrospinal fluids,
more particularly those from patients with general paresis.7

The test is generally conceded to be more delicate than the Wasser¬
mann reaction on the cerebrospinal fluid, when the reaction (precipi¬
tation of the colloidal gold) occurs in the so-called "syphilitic zone."8
There has been no selective reaction observed in nonsyphilitic condi¬
tions and it is concluded that the test has no specific diagnostic import
in many obscure affections. The occurrence of a positive reaction,
however, does indicate a pathologic cerebrospinal fluid.

5. Lange: Zentralbl. f. Chemotherapie, 1912, i, 44; Berl. klin. Wchnschr.,
1912, xlix, p. 667.

6. Miller, Brush, Hammers and Felton: Bull. Johns Hopkins Hosp., 1915,
xxvi, 391.

7. For the bibliography and summary of this subject, the reader is referred
to the work of Miller, Brush, Hammers and Felton, Footnote 6.

8. Solomon, Koefod and Welles (Boston Med. and Surg. Jour., 1915, clxxiii,
956) consider the term "syphilitic zone" a misnomer, because of a number of
different conditions giving reactions in the lower dilutions.
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The occurrence of a substance in the cerebrospinal fluid which
reduces Fehling's solution has been considered of diagnostic import
because of its absence in various types of meningitis. Schloss9 has
published evidence to show that this reducing substance is dextrose
and that the quantity varies within a relatively wide range in normal
fluids and may be normal in quantity or decreased in tuberculous
meningitis. Its absence in fluids from patients with purulent menin¬
gitis is well known. Most observers agree that this reducing substance
is present in all clear fluids, hence its mere qualitative determination
can have little significance in diagnosis.

The reduction of potassium permanganate by the organic substances
of the cerebrospinal fluid has been utilized as a diagnostic method by
Mayerhofer10 and Neubauer11 and has been mentioned as an aid to
diagnosis in a case report by Lackner and Levinson.12

The amount of tenth-normal potassium permanganate reduced by
1 c.c. of cerebrospinal fluid is considered as the reduction index of the
fluid. Hoffman and Schwartz13 found that normal fluids, or fluids
from patients presenting meningeal symptoms without actual inflam¬
mation of the brain or meninges, give low permanganate indexes (2
c.c. and less), and that borderline indexes (from 2 to 2.5 c.c.) occur

in the early stages of an inflammatory process. They conclude that
the reduction index has a distinct value in the examination of the
cerebrospinal fluid.

TESTS SELECTED-TECHNIC

The routine examination of the cerebrospinal fluids in this work
included the cell count, the determination of globulin by the methods
of Nonne and Noguchi, the reduction of Fehling's solution, the reduc¬
tion index of potassium permanganate, arid the colloidal gold test. The
Wassermann test was made only on those fluids in which there was

some definite indication.14 All fluids containing blood were rejected.
1. Cell Count: The cells were counted in the Thoma-Zeiss

chamber. The pipet was rinsed with glacial acetic acid before filling
with the fluid, to facilitate the differentiation of the nuclei. In a num¬

ber of fluids a mixture of equal parts of glacial acetic acid and Wright's
stain was drawn up to the 0.1 mark in a white cell pipet, which was

then filled with fluid. This method has no advantage over the simple
acetic acid method.

9. Schloss: Am. Jour. Dis. Child., 1916, xi, 1.
10. Mayerhofer: Wien. klin. Wchnschr., 1910, xxiii, 651.
11. Neubauer: Ztschr. f. Kinderh., 1911, iii, 2.
12. Lackner and Levinson: Arch. Pediat., July, 1915, xxxii, 508.
13. Hoffman and Schwartz: Arch. Int. Med., 1916, xvii, 293.
14. For this work I am indebted to Drs. Olmsted and Flexner of the Depart-

ment of Internal Medicine.
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2. Globulin : (a) The globulin test of Noguchi was made accord¬
ing to the original description, 0.2 c.c. of fluid was boiled with 0.5 c.c.

of 10 per cent, butyric acid and reheated after the addition of 0.1 c.c.

of 4 per cent, potassium hydroxid. (b) The test of Nonne was made
by adding 1 c.c. of a saturated solution of ammonium sulphate to 1 c.c.

of cerebrospinal fluid. The ammonium sulphate is added slowly, so

that a definite line of contact is formed. This is allowed to stand for
one minute and observations are made for a precipitation at the line
of contact. It is then completely mixed and observations are again
made.

3. Lange Reaction : The difficulties and sources of error in the
technic of the preparation of the colloidal gold reagent have no place
in the present discussion. Suffice it to say that these difficulties are

not great enough to warrant the abandonment of the test as a routine
of cerebrospinal fluid examination. The test itself may be made easily
and rapidly. Ten dilutions of the cerebrospinal fluid are made with
0.4 per cent, sodium chlorid ranging from 1 to 10, 1 to 20, 1 to 40 and
so on to 1 to 5,120, and 1 c.c. of each dilution is used. An eleventh
tube containing 1 c.c. of 0.4 per cent, sodium cfilorid serves as a con¬

trol. To each tube 5 c.c. of the colloidal gold reagent is added. After
from ten minutes to one hour the characteristic color changes appear;
after this time there is intensification of the colors, and the readings
are best made twelve to twenty-four hours after the beginning of the
reaction. The reagent has a bright orange-red color and the changes
which occur are to a red-blue, purple (violet), blue, pale blue, and
colorless; the intensity of the color change is expressed, in recording,
by the numerals 1, 2, 3, 4, and 5 respectively. This method of recording
has been explained in other publications and is quite uniform for all
observers.

5. Permanganate Index: To 1 c.c. of the cerebrospinal fluid in a

suitable flask, 50 c.c. of double distilled water and 10 c.c. of dilute sul¬
phuric acid (concentrated sulphuric acid 1 part, water 3 parts) are

added and the mixture is heated to the boiling point. Ten c.c. of tenth-
normal potassium permangante are added, and the boiling is continued
for exactly ten minutes. At the end of this time 10 c.c. of tenth-normal
oxalic acid is added; on the addition of this, the solution becomes
clear and the excess of oxalic acid is titrated with tenth-normal potas¬
sium permanganate to a faint pink end-point. This result gives the
amount of potassium permanganate which has been reduced by the
fluid examined and is known as the reduction index. As a control,
50 c.c. of water with 10 c.c. of the dilute sulphuric acid must be treated
in the same way to determine their reducing activity at the time used.
This has varied between 0.6 and 1.2 c.c. of potassium permanganate
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at different times and is subtracted from the index given by the cere¬

brospinal fluid. The difference represents the true reduction index of
the fluid examined.

COMMENT

One hundred and nineteen fluids were examined from 100 patients,
and in each case laboratory and clinical findings were carefully corre¬
lated. Without reference to the clinical diagnosis, evidence of patho¬
logic change in the fluids examined may be summed up as follows:

No. Per
Examined Positive Cent.

Cell count. 118 45 (pleocytosis) 38
Noguchi. 119 53 44
Nonne. 119 32 27
Lange. 119 71 60
Wassermann reaction. 54 15 28
Fehling's. 118 19 (negative) 16
Permanganate index. 110 80 (more than 2) 72

The occurrence of globulin in the cerebrospinal fluid together with
an increase in the cell content is undoubted evidence of an inflamma¬
tory process affecting the meninges, and pleocytosis, the Noguchi
reaction, and the Nonne reaction show a close relation, though it is
evident that the Noguchi globulin test is far more delicate than that
of Nonne. In those fluids showing a normal cell count and a positive
Noguchi globulin reaction the indication was usually faint. In only
one instance was there an increased cell content with a negative
Noguchi, and this fluid was from a child with brain abscess, two days
later the fluid showing changes characteristic of a purulent meningitis.
I have observed no selective action in either the Noguchi or Nonne
tests in showing the presence of globulin in pathologic cerebrospinal
fluids. The occurrence and intensity of the reaction has seemed rather
to depend on the amount of globulin present. In advanced conditions
the cell content gives more accurate information concerning the nature
of the process.

Granting that the colloidal gold reaction is a test for the presence
of protein substances and therefore evidence of pathologic change in
the cerebrospinal fluid, as is generally conceded, it is unquestionably
more delicate than the other tests here used for comparison. This has
been the experience of all observers. Every fluid showing the pres¬
ence of globulin gave a positive Lange reaction. Of eleven questionable
colloidal gold reactions, six were bizarre reductions, accounted for
only by errors in technic and not likely to cause confusion, and have
been considered negative. Five were from children with hereditary
syphilis, and the fluids caused only a slight reduction in the syphilitic
zone.
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There has been noted a certain parallelism between the reduction
of the colloidal gold in the various dilution zones and the amount of
globulin in the fluid, as estimated by the intensity of the Noguchi and
Nonne reactions. That is, those showing only a trace of globulin or

none at all reduce the lower dilutions. Those with a higher content
reduce the higher dilutions. Such a crude quantitative estimation, of
course, is not at all satisfactory, and the amount of coagulable and
noncoagulable nitrogenous bodies should be determined before any
conclusions are drawn.

That there may be some specific selective action of a substance in
the pathologic fluid, without definite relation to quantity, is very prob¬
able, because of the uniform evidence of the existence of a typical
"paretic curve," occurring with fluids from patients with general
paresis.

The reduction of Fehling's solution by the cerebrospinal fluid is
of interest chiefly because of its negative value in reference to diag¬
nosis. The amount of reduction varies in normal fluids and reduction
has occurred in tests on all pathologic fluids except those from patients
with purulent meningitis and advanced tuberculous meningitis. If the
presence of dextrose in the cerebrospinal fluid is to be of any value in
diagnosis, its estimation must be quantitative.

The high incidence of a permanganate index of more than 2 leads
to the evident conclusion that this value can not be taken as a criterion
for normal fluids. Of 110 fluids on which this test was made, forty-
three were normal, as indicated by a normal cell count and a negative
colloidal gold test. The reduction index of these normal fluids varied
between 1.4 and 2.7 with an average of 2. In thirty-six fluids taken
from patients with syphilis and acute anterior poliomyelitis, showing
slight pathologic change, the variation was from 1.4 to 2.9, with an

average of 2.4. In more marked meningitic processes the average is
found to be definitely higher. In any condition, though, the individual
variations are so great that no significance can be placed on a slightly
increased permanganate index. Moreover, there is noted no definitely
increased index in the early stages of the more severe meningeal
inflammation when the test might be of clinical value, the high index
occurring only in advanced conditions, in which the nature and cause

of the changes are evident.
The reduction of potassium permanganate depends on two factors,

namely, the dextrose and nitrogenous bodies. Even in normal fluids
the amount of sugar is variable, and this may be true of the nitrogenous
bodies. This may explain the wide limits of variation in the reduction
index. With a slight increase of protein substance the dextrose may
be normal or slightly reduced, hence the lack of uniformity in the
indexes of fluids showing little pathologic change. It is only those

Downloaded From: http://archpedi.jamanetwork.com/ by a University of Manitoba User  on 06/11/2015



Sa»
ce Cj 73
s« s

+
+
+
+

+
+
+
+

+l +i
~ +1 °

+1 +i +i

là 1Ä rH

S 3 a

+ T + + ^ +
+ +
+ +

OOOOOOOO-H + ÔOOOOO

<=>-t-l+l + =><=<=° + + »<= + =' + +

ri ri a ri
ri ri ci ri

O O oà <S £ £
O C5 O ri m i-i

n d M o ä
b" <j ri S £

^* tO SO O
<o œ r~ 55

Downloaded From: http://archpedi.jamanetwork.com/ by a University of Manitoba User  on 06/11/2015



6

+
+

+ +
+ +
+ +
+ +

OS (N CO ÇJ

+ + + + + + + + + + + + + + + + +,+ +
+ + + + + + + + + + + + + + + + +

t-tnwotocîjîO^HC^M^co

M £ £ t¿ * i£
03 «j M <j < «¡' ö £

'2

1 ri pj
tsi

^BeJZiBcóBBaaB
&>-ái-;Hs¿o-«iri«ri-«i

Downloaded From: http://archpedi.jamanetwork.com/ by a University of Manitoba User  on 06/11/2015



fluids showing a large increase of protein which give a definitely
increased permanganate index.

The discussion of the Wassermann reaction on the cerebrospinal
fluid has been reserved for consideration in comparison with the other
findings in the fluids from cases of hereditary syphilis. In all, thirty-
six fluids were examined from thirty-one patients with hereditary
syphilis, in all of which the Wassermann reaction on the blood was

positive. The colloidal gold showed varying degrees of reduction with
the majority of these fluids, and this occurred in the syphilitic zone in
every instance but three (Nos. 95, 97, 111).15 In five of the reactions
(Nos. 28, 36, 66, 110, 114) only slight reduction took place, but these
have been considered positive in the light of the changes occurring in
the syphilitic zone; one of these (No. 28) gave a positive Wassermann
reaction. This emphasis is given to the colloidal gold test because of
its evident superiority over other tests as an index of central nervous

system involvement in hereditary syphilis. Next in value are the
Wassermann reaction and the presence of globulin, which are about
equal in incidence, though not parallel. The Wassermann reaction, of
course, is unique, in that, when positive, it establishes a definite diag¬
nosis. The Lange reaction was positive in every fluid showing other
evidence of pathologic change, and in many cases it was the only
evidence.

The superior delicacy of the Noguchi test over the Nonne test for
globulin was demonstrated in syphilitic fluids as in no other condition,
for we are here dealing with small quantities of globulin in most cases.

Pleocytosis occurred only in those children showing more marked
evidence of syphilis of the central nervous system both in the clinical
and laboratory findings. It is of interest to note that in this series
pleocytosis, globulin content, and the intensity of the colloidal gold
reaction were parallel.

The clinical evidence of syphilitic involvement of the central ner¬

vous system was in direct proportion to the pathologic findings in the
cerebrospinal fluid. This was particularly true of the intensity of the
colloidal gold reaction. Practically all of the fluids giving a positive
Lange were from children showing some degree of mental impairment.
Several fluids giving typical paretic curves were from children with
marked dementia.16 The five normal fluids were from children whose
only evidence of syphilis was a positive Wassermann reaction on the
blood and who were apparently normal in every way.

15. The changes in No. 95 were apparently due to some technical error.
No. 97 had miliary tuberculosis, with some possibility of meningitis; unfor-
tunately there was no opportunity for a second examination. The changes in
No. 111 alone cause doubt as to the selective action of syphilitic fluids.

16. G. McD. (No. 10), apparently normal when this examination was made,
showed mental deterioration while under observation.
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Only three fluids in this series were from young infants (Nos. 60,
82, 98) with acute manifestations of infantile syphilis, and all gave a

positive Lange, although the spinal fluid Wassermann reaction was

negative. This fact merely points to the possibility of central nervous

system involvement, and it would hardly be justifiable to establish a

diagnosis of hereditary syphilis, without the Wassermann reaction on

the blood, as Grulee and Moody17 have concluded.
In fluids from fifteen patients with tuberculous meningitis precipi¬

tation of the colloidal gold occurred in every instance, the maximum
color change occurring in the dilutions 1 to 80, 1 to 160 and 1 to 320
in most cases. Fourteen of the fifteen patients had at the time of
the fluid examination, or developed later, typical clinical manifestations
of tuberculous meningitis. The diagnosis was confirmed by the demon¬
stration of tubercle bacilli in the cerebrospinal fluid in fourteen cases
and by necropsy in ten of them. In most of the cases the diagnosis was

fairly conclusive from the clinical signs and the cell and globulin con¬

tent of the fluid at the first examination. Reduction of Fehling's solu¬
tion occurred only in the early stages of the disease.

Three of these patients were seen at the very onset (Nos. 6, 30, 69).
The cell counts were low and globulin was present in only one. Per¬
manganate indexes were slightly increased in two and low in one. All
three fluids caused a maximum reduction of the colloidal gold solution
in the same dilutions as found for the rest of the series.

Further observations on early meningeal processes would be valua¬
ble, as these few observations suggest a typical zone reaction for
tuberculous meningitis, which may be an aid to early diagnosis.

Seven fluids from cases of purulent meningitis gave the typical
findings of this condition, namely, a high cell count and globulin con¬

tent, and the causative organism was found in all but one. The per¬
manganate indexes were all high and Fehling's solution was not
reduced. In general the colloidal gold was reduced by the higher
dilutions of the fluid, but the intensity of the reaction or the zone

affected was not constant. Nos. 11 and 42 are included here because
they were obtained shortly before the development of the typical
meningitic changes in the fluid. It will be noted that No. 11 caused
a reduction of the colloidal gold in the dilutions 1 to 80, 1 to 160, and
1 to 320, the zone suggestive of a tuberculous condition. Certainly it
was indicative of a beginning meningeal process and this was borne
out by the later developments.

Six fluids from four patients with acute anterior poliomyelitis were

examined. Four of these, one from each patient, at the first examina-

17. Grulee and Moody: Jour. Am. Med. Assn., 1913, lxi, 13; Am. Jour. Dis.
Child., 1915, ix, 17.
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tion caused a reduction of the colloidal gold in the so-called syphilitic
zone. Two of these showed pleocytosis and three gave positive globu¬
lin tests. In two cases (Nos. 47 and 85) fluids were examined after
acute symptoms had subsided. In one, slight reduction took place in
the lower dilutions, but the other was quite negative. Globulin was
not present at the second examination. Wassermann tests made on

the blood and cerebrospinal fluid of three of the four patients were

negative. This occurrence of an early transitory reaction in the syph¬
ilitic zone in the acute stage of anterior poliomyelitis suggests an

important aid in the diagnosis of this disease.
Table 5 is a group of fluids which gave evidence of pathologic

change by one or more tests. The color changes were in this group
almost entirely in the lower dilutions. No. 58 contained a large amount
of globulin and albumin and had a golden yellow color. The ventricu¬
lar fluid (No. 59) from the same patient was clear and colorless. The
child recovered and the nature of the meningeal process was not

definitely ascertained, although the clinical condition was suggestive of
anterior poliomyelitis.

Fluids from R. C. (Nos. 112 and 115 A and B) were remarkable
for the high cell count occurring with a small amount of globulin. In
the absence of other definite findings, the condition was thought to be
one of encephalitis. In the patient C. F. (Nos. 90, 93, 108) necropsy
revealed no cortical or meningeal process which would account for the
change in the cerebrospinal fluid, though hydrocephalus was definite.

It will be noted that a number of conditions giving obscure fluid
changes all reduced the colloidal gold in the syphilitic zone; in some

instances this was the only pathologic finding. The blood in these cases

gave negative Wassermann reactions, and therefore they may be con¬

sidered nonsyphilitic. This gives further support to the view men¬

tioned above, that the term "syphilitic zone" is misleading and inac¬
curate.

In Table 6 are recorded the results of the examination of a number
of clinical conditions in which the spinal fluid findings are quite normal.

Cases with meningismus showed no pleocytosis except in one

instance (No. 106). All reduced Fehling's solution. The perman¬
ganate indexes were low in general, but were too variable to be sig¬
nificant.

It is noteworthy that fluids from epileptics and from nonsyphilitic
mental defectives gave no evidence of any pathologic change by any
of these tests. Fluids from patients with chorea gave normal findings,
including negative Lange tests. In view of the fact that a large num¬

ber of conditions gave positive Lange tests with no other pathologic
findings, and that many of these latter proved to be the result of
meningeal inflammation, it seems conclusive that these conditions
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affecting the nervous system, arid having normal cerebrospinal fluids,
are not meningeal in origin, neither are the meninges in any way
affected.

SUMMARY

1. As an index of pathologic change in the cerebrospinal fluid, the
colloidal gold reaction is more delicate than any other test here
employed. A positive Lange reaction may be considered sufficient
evidence of a pathologic process affecting the cerebrospinal nervous

system, though the fluid in question is negative to all other tests. A
normal fluid causes no reduction of the colloidal gold.

2. The presence of globulin in the cerebrospinal fluid, as determined
by-the tests of Noguchi and Nonne, is indicative of an inflammatory
process, but is of no specific import. A negative globulin test may
occur in a pathologic fluid.

3. The quantitative estimation of organic substances by the reduc¬
tion of tenth-normal potassium permanganate shows such wide varia¬
tions in normal fluids and those with slight pathologic change that it
has no value as a diagnostic measure.

4. The qualitative presence of dextrose in the cerebrospinal fluid
as determined by the reduction of Fehling's solution is of little value in
the diagnosis of lesions of the central nervous system.

5. The specific diagnostic import of a given test is dependent on the
character of the process causing the change in the fluid examined. Thus
the cell content and bactériologie findings are final in purulent and
tuberculous meningitis. In the colloidal gold test the characteristic
syphilitic zone reaction in hereditary syphilis is sufficient to establish
the actual or potential existence of a syphilitic involvement of the
central nervous system. This statement presumes a positive Wasser¬
mann reaction on the blood.

6. A number of affections give this same reaction, particularly
acute anterior poliomyelitis, and no specific significance can be attached
in nonsyphilitic cases.

7. The occurrence of a typical zone reaction in the colloidal gold
test on fluids from patients with tuberculous meningitis is probable,
and may be of value in diagnosis in the early stages. The occurrence
of a transitory reaction in the lower dilutions suggests an aid in the
diagnosis of acute anterior poliomyelitis.
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